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(54) Hydrocarbon fluid transfer system 

(57) The invention relates to a fluid transfer system, 
in particular for LNG in which an articulated vertical and 
horizontal mooring arm are suspended from a support 
on the processing vessel. Independently moveable 
ducts, for instance cryogenic hard piping are placed par- 
allel to the mooring amis such that a transfer system is 



obtained in which is the mooring forces are insulated 
from the fluid transfer line with which rapid connection 
and disconnection is possible and which provides a 
large yaw resistance. In a preferred embodiment, the 
mooring system comprises two vertical arms connected 
to a triangular horizontal yoke attached to the bow of the 
LNG-carrier for improved yaw resistance. 
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Description 

[0001 ] The invention relates to a hydrocarbon transfer 
system comprising a processing vessel and a tanker 
vessel, having a longitudinal axis, a transverse axis and 5 
a vertical axis, the tanker vessel being moored to the 
processing vessel via a mooring device comprising a 
support structure on one of the vessels, a substantially 
vertical first arm suspended from the support structure 
and a substantially horizontal second arm with a cou- io 
pling end part which is connected to the other of the ves- 
sels via a mechanical connector comprising an articula- 
tion joint allowing rotation of the second arm relative to 
the connector around a longitudinal axis, a transverse 
axis and a vertical axis, the second arm being with a- 15 
restoring end part connected to a lower end part of the 
first arm in an articulation joint allowing rotation of the 
second arm around a transverse axis, the restoring end 
part of the second ami and/or the end part of the first 
arm comprising a counterweight. 20 
[0002] Such a hydrocarbon transfer system , in partic- 
ular for offloading liquefied natural gas (LNG) from a 
processing vessel, such as an FPSO, to a shuttle tanker, 
is known from International Patent Application number 
PCT/EP99/01405 in the name of the applicant. In the 2s 
known transfer system, the mooring device comprises 
two arms and seven swivel joints to provide the required 
degrees of freedom for pitch, roll and yaw of both ves- 
sels. A LNG transfer duct, comprising flexible elements, 
such as metal bellows, is placed inside the hollow moor- 30 
ing boom, for transfer of cryogenic fluids from the 
processing vessel to the shuttle tanker. The known in- 
tegrated structure of mooring arms and transfer ducts is 
relatively complex as the swivels and the cryogenic 
transfer ducts need to transfer a part of the mooring 35 
loads, and therefore need to be relatively heavy and 
large sized. Maintenance and repair or change out of for 
instance a swivel, is therefore diff icult and time consum- 
ing. A tandem offloading system with the known transfer 
construction furthermore has a limited yaw stiffness, 40 
which may result, under certain sea states, in too low a 
restoring momentum for counteracting the yaw of the 
shuttle tanker with regard to the FPSO. 
[0003] It therefore is an object of the present invention 
to provide a reliable and simple transfer system, in par- 
ttcular f or tandem offloading, which can have a light and 
simple hydrocarbon transfer duct and which avoids 
mooring forces exerted on the transfer duct. It is afurther 
object to provide a transfer system, in particular a LNG 
transfer system, which is easy to maintain and/or repair so 
It is another object of the invention to provide a transfer 
system which allows safe operation and which main- 
tains a controlled distance between the two vessels, 
avoiding collisions. It is again an object of the invention 
to provide a transfer system in which the fluid lines can 55 
be easily connected to the shuttle tanker. 
[0004] Hereto the transfer system according to the in- 
vention is characterised in that a fluid transfer line is con- 



nected to and supported by the mooring device com- 
prising a first transfer line part extending along the first 
arm and a second transfer line part extending along the 
second ami, the second transfer line part being connect- 
ed to the second ami at or near the mechanical connec- 
tor and comprising a fluid connector, wherein the fluid 
transfer line is supported at or near the support structure 
and at or near the mechanical connector, the fluid trans- 
fer line not being rigidly connected to the first and sec- 
ond arms at or near the lower end part and the restoring 
end part of said arms. 

[0005] By placing a separate fluid transfer line along 
the mooring arms, mooring forces on the fluid transfer 
line are avoided. Because the fluid transfer lines, which 
may be flexible hoses, hard piping or combinations 
thereof, are not rigidly connected to the articulated con- 
nection point of the mooring arms, the flow lines can 
move independently of the mooring amis, and force 
transmission from the mooring structure to the fluid 
transfer lines is prevented. As the fluid transfer lines are 
connected to the substantially horizontal mooring arm 
near the mechanical connector, the end parts of the fluid 
transfer lines are placed in the proper position for at- 
tachment to a pipe system on the shuttle vessel, upon 
mooring. In a second step, after attaching the mechan-? 
teal connector, the fluid connector can be attached. Fur-* 
thermore, the fluid lines can move together with the . 
mooring arms upon yaw movements of the vessels. 
[0008] The fluid transfer lines according to the present 
invention can be relatively lightweight and may be de-;, 
tached for repair or maintenance while the mooring con- 
figuration is maintained. 

[0007] Also thermally induced expansion and con- 
traction, which is particularly a problem with cryogenic 
transfer lines such as LNG transfer lines, is possibles 
without being restricted by the mooring ami. With "rigidly 
connected" as used herein, it is intended to mean a con- . 
struction in which the fluid transfer line is connected to 
the arms by means of a fixed connection such as nuts 
and bolts, welding or tight steel cables such that inde- 
pendent movement of amis and transfer line is not pos- 
sible, in particularly thermally induced expansion and 
contraction. An example of a fluid transfer line which is 
not rigidly connected is a fluid transfer line which is freely 
suspended on one end at the support structure and is 
connected to the arms at the coupling end part, or a fluid 
transfer line which is suspended from the arms by 
means of cables. 

[0008] It should be noted that a tandem offloading 
system for LNG using a triangular yoke connecting the 
stem of a FPSO vessel to a bow on the shuttle tanker 
is known from WO 99/38762. A flexible flow line is sus- 
pended from a vertical support arm and extends with a 
loop from the FPSO to the shuttle tanker. Even though 
the mooring forces are not transmitted to the flow line, 
the mooring arrangement fails to provide a restoring 
force upon an excursion of the vessels, and the resist- 
ance against yaw movements is slight Attachment of 
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the flexible fluid transfer line to the shuttle vessel needs . 
to be effected separately after establishing mechanical 
connection. Furthermore, the loosely looped flexfole 
flow line has as a disadvantage that the flexible flow line 
can buckle upon approach of the vessels which for cry- s 
ogenic flexible lines may lead to damage to the flow line. 
[0009] From WO 99/35031 it is known to provide a 
LNG transfer boom between a platform and a vessel, 
wherein two articulated arms are used each carrying a 
rigid pipe. A! the articulation joint of the arms, the pipes 
are interconnected via a flexible pipe segment arranged 
in a loop. Upon articulation of the arms, the flexible seg- 
ment accommodates the different angular positions of 
the rigid pipes. At the connecting end of the ami a fluid 
connector is provided for coupling to a shuttle tanker. 
No mooring function is present in the transfer boom ac- 
cording to the prior art reference, the articulating arms 
forming a reinforcing support for the cryogenic transfer 
lines. 

[0010] Finally, soft yoke mooring configurations in 
which a hinging ami is used in combination with a re- 
storing counterweight for mooring a vessel to a tower or 
a buoy is described in several patents such as US- 
4,568,295, US^,534,740 or US-4,91 7,038 in the name 
of the applicant. 

[0011] In an embodiment of the mooring system ac- 
cording to the present invention, the second transfer line 
part is connected to the first transfer line part in an ar- 
ticulation joint at or near the restoring end of the second 
arm , allowing rotation around a transverse axis, the sec- 
ond transfer line part being attached to the mechanical 
connector via an articulation joint allowing rotation of the 
second transfer line part relative to the connector 
around a longitudinal, a transverse and a vertical axis, 
the fluid connector being attached to the mechanical 
connector. 

[001 2] Via the articulation joints, the transfer line parts 
can follow the movements of the mooring arms inde- 
pendently and without being attached to the mooring 
arms along their length. Multiple transfer lines can be 
employed in parallel, each transfer line being attached 
to the mechanical connector. In a preferred embodiment 
the transfer line parts comprise rigid pipes that are sus- 
pended from the support structure from one end and are 
connected to the mechanical connector with their cou- 
pling end parts. Preferably, the transfer lines are cryo- 
genic transfer lines with properly insulated parts and in- 
tegrated or separate vapour return ducts. 
[0013] In an embodiment, the mooring device com- 
prises two spaced apart first arms, which at a top end 
are connected to the support structure in an articulation 
joint to be rotatable around a longitudinal and a trans- 
verse axis, two second amis being connected to the re- 
spective first arms in an articulation joint near the lower 
ends to be rotatable relative to the first arms around a 
longitudinal, a transverse and a vertical axis, the two 
second amis being attached to the mechanical connec- 
tor. 



[001 4] The mooring system provides a large yaw stiff- 
ness by the two spaced apart mooring arms and the 
counterweights providing a restoring moment upon yaw 
displacement of the carrier or shuttle tanker. The moor- 
ing system may be used in combination with separate 
flexible flow lines, hard piping combinations of flexible 
hoses and hard piping or integrated systems such as 
described in PCT/EP99/01405. The counterweights at 
the restoring end of the substantially horizontal mooring 
ami also functions in uprighting the mooring arm upon 
disconnection of the mechanical connector. The coun- 
terweights may be placed at the end of an ami or below 
water level, suspended from a cable or chain. 
[0015] The invention will be explained in detail with 
reference to the accompanying drawings. In the draw- 
ings: 

Rg. 1 shows a schematic side view of the cryogenic 
transfer system for tandem offloading according to 
the present invention; 

Rg. 2 shows a top view of the transfer system of 
Rg. 1; 

Rg. 3 shows a schematic perspective view of the 
mooring construction of the present invention; 
Rg. 4 shows a side view of the mooring amis and 
transfer pipes prior to coupling of the mechanical 
and fluid connectors; 

Rg. 5 shows the transfer system of Rg. 4 wherein 
the mooring amis are attached via the mechanical 
connector; 

Rg. 6 shows attachment of the fluid connector of 
the transfer lines; 

Rg. 7 shows a top view of the transfer system of 
Fig. 4-6; and 

Rg. 8 shows an alternative embodiment of the 
counterweight of the mooring arms. 

[0016] Fig. 1 schematically shows the hydrocarbon 
transfer system 1 of the present invention comprising a 
support structure 2 placed at the stem 3 of a FPSO 
barge. From the support structure 2, a first vertical arm 
4 is suspended and is connected to a substantially hor- 
izontal second ami 5. At a restoring end, a counter- 
weight 6 is connected to the arm 5, which at a coupling 
end is provided with a mechanical connector 13 for at- 
taching to the bow 9 the LNG-carrier 7. Parallel to the 
mooring arms 4, 5 cryogenic fluid transfer lines 10, 11 
are placed, which are suspended on one side from the 
support structure 2 and which on the other side are con- 
nected in an ar ticulation i jo in t J 2 I to the mechanical c on- 
nector 13pfthe mooring arm 5. By connecting the flow 
lines tothe mechanical connector, a rapid connection is 
possible and also a rapid release during emergency sit- 
uations. However, the transfer line 11 may at its end be 
connected to the ami 5 instead of to the mechanical con- 
nector. The end of transfer line 1 1 is provided with a fluid 
connector for connecting to the pipe system of the LNG- 
carrier 7 after mechanical connection. The dimensions 
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indicated in Fig. 1 are indicative for.the order of magni- - 
tude of the mooring and transfer system of the present 
invention by way of illustrative example. 
[0017] Fig. 2 shows a top view of the FPSO 8 and 
LNG-canier 7, the support structure 2, the horizontal 5 
mooring arms 5, 5' and the mechanical connector 13. 
As can be seen from Fig. 3, the horizontal mooring arms 
5, 5' are with their restoring end parts 15,15' connected 
to a respective verticaJ arm 4, 4' via articulation joints 
16, 1 6*. Two counterweights 6, 6* are connected to the io 
restoring end parts 15, 15* of each arm 5, 5\ The artic- 
ulation joints 16, 16* may for instance comprise three 
perpendicular circular bearings, or ball-joints allowing 
rotation around a vertical axis 1 7 (yaw), a transverse ax- 
is 18 (pitch) and a longitudinal axis 19 (roll). *5 
[001 8] The vertical mooring amis 4, 4' are at their up- 
per ends connected to the support structure 2 in articu- 
lation joints 22, 22* allowing rotation of the arms 4, 4* 
around a transverse axis 23 and a longitudinal axis 24. 
At the coupling end part 25, the arms 5, 5* are provided . 20 
with the mechanical connector 13 allowing rotation 
around a vertical axis 26 (yaw), a longitudinal axis 27 
(roll) and a transverse axis 28 (pitch). The mechanical 
connector is not shown in detail but may be formed by 
a construction such as described in US-4,876,978 in the 25 
name of the applicant, which is incorporated herein by 
reference. 

[001 9] Fig. 4 shows tho transfer system 1 in which the 
mooring arms 5 are placed in a substantially vertical po- 
sition via a cable 30 attached to the coupling end part 30 
25 of the arms 5, 5' and connected with its other end to 
a winch (not shown) on the FPSO 8. Two rigid pipes 31 , 
32 extend from the FPSO 8 to a swivel connection 33, 
34 on the support structure 2. From the swivel connec- 
tions 33, 34 two vertical pipes 35, 36 extend downwardly 35 
to swivel connections 37, 38 (see Fig. 5). Two horizontal 
cryogenic transfer pipes 39, 40 extend along the arms 
5, 5' to swivel connections 41 , 42 on the mechanical 
connector 13. A fluid connector 43 is provided on the 
mechanical connector 13. *o 
[0020] During connecting of the mooring amis 5, 5' to 
the bow 9 of the LNG-canier 7, the vessels are connect- 
ed via a hawser 44. Vjajipilot line 45, the mechanical 
connector 13 can be lowered and plac^lnto a receiving 
element 46 on deck ofJheJ_NG-carrier 7. By paying out 45 
cable 30, the horizontal arm 5 pivots in articulation joints 
1 6, 1 6 1 around the transverse axis 1 8. The vertical ducts 
35, 36 can pivot around a transverse axis 23 in articu- 
lation joints 33, 34 and in articulation joints 37, 38 as 
shown in Fig. 5 to assume a substantially verticaJ posi- so 
tion. 

[0021] The horizontal ducts 39, 40 will also pivot 
around a vertical axis at swivels 37* , 38' and a transverse 
axis a horizontal axis and a vertical arm at the position 
of two sets of each three perpendicular swivels 41, 42 ss 
until the mechanical connector 13.mates with receiving, 
element 46 as shown in Fig.5./Ker lo^ngtheme^ii- 
icai connector 13, the fluid connector 43 is attached to 



piping 47 on. deck of the LNG-canier 7 by raising said 

piping and engaging clamps 48 such as shown in Fig. 6. 
[0022] Rg. 7 shows a top view of the transfer system 

1 in the connected state showing four pipes 39, 39', 40, 
40* attached to the mechanical connector 1 3. The trans- 
fer pipes 35, 36 are connected to the support structure 

2 in articulation joints 33, 34 and can pivot around a sub- 
stantially longitudinal axis. The pipes 39, 39*, 40, 40' are 
connected to the mechanical connector 13 in articula- 
tion joints 41 , 4V, 42, 42* and can pivot around a longi- 
tudinal, a transverse and a vertical axis. The pipes can 
move independently of the mooring arms 4, 4', 5, 5'. Dur- 
ing yaw-movements of the FPSO 8 or LNG^carrier 7, a 
good control and sufficient yaw-stiffness is achieved by 
the arms 5, 5' connected to the counterweights 6, 6\ 
Yaw displacement (in the horizontal plane) of the LNG- 
carrier will be counteracted by a restoring moment cre- 
ated by the counterweights 6, 6\ By separating the 
mooring function and the fluid transfer function, a sim- 
plified and proven cryogenic transfer system can be 
achieved using state of the art components and result- 
ing in reduced and simplified maintenance. 

[0023] As shown in Fig. 8, the counterweights 6 may 
be suspended from a cable 50 such that movements of 
the counterweights 6 are damped below water level. A 
fender 51 may be applied on cable 50 for the counter- 
acting movement of the vessel 7 towards vessel 8 upon 
lifting of the mooring system 1 to the configuration as 
shown in Fig. 4. When the bow 9 of the vessel 7 contacts 
the fender 51 , the tension in the chain 50 will exert a 
restoring force on the vessel. 

[0024] The fender system described above could be 
a fender system as described in US-4,81 7,552 in the ^ 
name of the applicant. The counterweights 6, 6* can be 
formed by ctumpweights, flush able tanks, buoyancy el- 
ements and other constructions generally employed in *• 
soft yoke mooring systems. Even though the invention 
has been described in relation to hard piping 35, 35' , 36, 
36', 39, 39* and 40, 40* in combination with pipe swivels 
at articulation joints 33, 34, 41 , 42, also flexible hoses 
or combinations of flexible hoses and hard piping, and 
ball-joints instead of pipe swivels can be employed. An 
example of a ball-joint suitable for cryogenic fluid trans- 
fer has been described in WO0Q/39496, which is incor- 
porated herein by reference. 



Claims 

1. Hydrocarbon transfer structure comprising a 
processing vessel (8) and a tanker vessel (7), hav- 
ing a longitudinal axis, a transverse axis and a ver- 
tical axis, the tanker vessel being moored to the 
processing vessel via a mooring device comprising 
a support structure (2) on one of the vessels, a sub- 
stantially vertical first arm (4, 4 1 ) suspended from 
the support structure (2) and a substantially hori- 
zontal second ami (5, 5') with a coupling end part 
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(25) which is connected to the other of the vessels « 
via a mechanical connector (13) comprising an ar- 
ticulation joint allowing rotation of the second arm 
(5, 5') relative to the connector (13) around a longi- 
tudinal axis (27), a transverse axis (28) and a ver- 
tical axis (26), the connector, the first ami and sec- 
ond ami being located above water level, the sec- 
ond ami (5, 5*) being with a restoring end part (15, 
15') connected to a lower end part of the first arm . 
(4, A 1 ) in an articulation joint (16, 16*) allowing rota- 
tion of the second arm around a transverse axis 
(1 8), the restoring end part of the second arm and/ 
or the end part of the first arm comprising a coun- 
terweight (6, 6*), wherein the mooring device com- 
prises two spaced apart first arms (4, 4*), which at 
a top end are connected to the support structure (2) 
in an articulation joint (22, 22') to be rotatable 
around a longitudinal (24) and a transverse axis 
(23), two second arms (5, 5') being connected to the 
respective first arms (4, 4*) in an articulation joint 
(1 6, 1 60 near the lower ends to be rotatable relative 
to the first arms around a longitudinal (19) and a 
transverse (1 8) axis, the two second arms (5, 5^ be- 
ing rotatable around a vertical axes (17) and at- 
tached to the mechanicaJ connector (1 3). 

2. Hydrocarbon transfer system according to claim 1 
comprising a fluid transfer line (35, 3B> 39, 40) which 
is connected with a first end to the processing ves- 
sel (1 8) and with a second end to the tanker vessel 
(7) without being attached to the vertical first arm 
(4, 4 1 ) and to the part of the second amis (5, 5 1 ) lo- 
cated between the restoring end part and the me- 
chanical connector (13). 

3. Hydrocarbon transfer system (1 ) according to claim 
2, wherein the transfer lines are cryogenic transfer 
lines. 

4. Hydrocarbon transfer system according to claims 1 , 
2 or3, wherein the vertical arms (4, 4") are suspend- 
ed from a support structure (2) which extends out- 
board from the processing vessel (8), the distance 
between the arms (4, 4') being smaller than the 
width of the processing vessel (8), the counter 
weight being spaced at a predetermined distance 
from the hull of the processing vessel (8). 

5. Hydrocarbon transfer system (1) according to any 
of claims 1 to 4, wherein the counterweight (6, 6') is 
located below water level. 



along the second ami (5,S), the second transfer. 

line part (35, 36) being connected to the second arm 
at or near the mechanical connector (13) and com- 
prising a fluid connector (43), wherein the fluid 

5 transfer line is supported at or near the support 
structure (2) and at or near the mechanical connec- 
tor (1 3), the fluid transfer line not being rigidly con- 
nected to the first and second arms (4, 4', 5, &) at 
or near the lower end part (1 5, 1 5*) and the restoring 

10 end part of said arms. 

7. Hydrocarbon transfer system (1 ) according to daim 
6, wherein the second transfer line part (39, 40) is 
connected to the first transfer line part (35, 36) in 
to an articulation joint (37, 38) at or near the restoring 
end (15, 15") of the second arm (5, 5% allowing ro- 
tation around a transverse axis, the second transfer 
line part (39, 40) being attached to the mechanical 
connector (13) via an articulation joint (41 , 42) al- 
so lowing rotation of the second transfer line part rela- 
tive to the connector around a longitudinal, a trans- 
verse and a vertical axis, the fluid connector (43) 
being attached to the mechanical connector (13). 

25 8. Hydrocarbon transfer system (1 ) according to claim 
6 or 7, wherein at least two transfer lines (31 , 32, 

35, 36, 39, 40) are placed adjacent and mutually 
parallel, each transfer line being attached to the me- 
chanicaJ connector (13). 

30 

9. Hydrocarbon transfer system (1 ) according to any 
of claims 6 to 8, wherein the transfer lines parts (35, 

36, 39, 40) comprise rigid pipes, the first transfer 
line part being connected to the support structure 

35 (2) via an articulation joint (33, 34) allowing rotation 
of the first transfer line (35, 36) part around a trans- 
verse axis relative to the support structure (2). 

1 0. Hydrocarbon transfer system (1 ) according to claim 
40 9, wherein the transfer line parts (35, 36, 39, 40) 

that are located between the support structure (2) 
and the mechan ical connector (1 3) are not connect- 
ed to the amis (4, 4', 5, S) of the mooring device. 

45 



50 



6. Hydrocarbon transfer system (1) according to any 
of claims 1 to 5, characterized in that a fluid trans- 
fer line (35, 36, 39, 40) is connected to and support- 55 „ 
ed by the mooring device comprising a first transfer 
line part (35, 36) extending along the first arm (4, 
4') and asecond transfer line part (39, 40) extending 
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